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Structure and function of biocatalysts, in particular, pyridoxal enzymes and enzymes acting on xenobiotic compounds,
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microorganisms are also studied to open the door to new fields of biotechnology.  For example, molecular structures
and functions of psychrophilic enzymes and their application are under investigation.
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Functional characterization of Alanine
racemase from Schizosaccharomyces pombe
Recent discovery of the physiological importance of
D-amino acids has attracted much interest in the study of
metabolism of D-amino acids in eucaryotic cells.  We
found that fission yeast, Schizosaccharomyces pombe, has
several enzymes acting on D-amino acids (Scheme 2).
We here describe one of these enzymes, alanine racemase,
encoded by the alr1+ gene.  We cloned the alr1+ gene in E.
coli and purified the gene product (Alr1p) with an Mr of
41,590 to homogeneity.  Arl1p contains pyridoxal 5'-
phosphate as a coenzyme and catalyzes racemization of
alanine.  The enzyme is almost specific to alanine, but L-
serine are racemized slowly at rate of 3.7 % of that of L-
alanine.  S. pombe uses D-alanine as a sole nitrogen
source, but deletion of the  alr1+  gene  resulted  in
retarded growth on the same medium.  Saccharomyces
cerevisiae differes markedly from S. pombe:  S. cerevisiae
Probing Active-site Environment of
Fluoroacetate Dehalogenase by Catalysis-
Linked Inactivation with Ammonia
Fluoroacetate dehalogenase(FAc-DEX; EC 3.8.1.3)
from Moraxella sp. B catalyzes the hydrolytic
dehalogenation of fluoroacetate and other haloacetates to
produce glycolate.  FAc-DEX is the only enzyme that
catalyzes the degradation of an aliphatic fluorinated
compound by cleaving the carbon-fluorine bond, whose
dissociation energy is among the highest in natural
compounds.  Asp105 of the enzyme acts as a nucleophile
to attack the α-carbon of haloacetate to form an ester
intermediate, which is subsequently hydrolyzed by a
water molecule activated by His272 (Scheme 1).  We
found that FAc-DEX is inactivated concomitantly with
defluorination of fluoroacetate by incubation with
ammonia.  Mass spectrometric analyses revealed that the
inactivation of FAc-DEX was caused by nucleophilic
attack of ammonia on the ester intermediate to convert the
catalytic residue, Asp105, into an asparagine residue.
The results indicates that ammonia reacted the active site
of FAc-DEX without losing its nucleophilicity.
uses L-alanine  but  not  D-alanine  as  a sole  nitrogen
source.
Moreover,  D-alanine is toxic to S. cerevisiae.   How-
ever,  heterologous  expression  of  the  alr1+  gene en-
abled  S. cerevisiae to grow efficiently on D-alanine  as a
sole nitrogen source.  The recombinant yeast was re-
lieved from the toxicity of D-alanine.
Scheme 2.  D-Amino acid metabolism in  S.pombe
Analysis of the three-dimensional structure of the
enzyme by homology modeling showed that the active
site of the enzyme is mainly composed of hydrophobic
(Phe35, Tyr148, Trp151, Tyr213, and Phe273) and basic
(His104, Arg106, Arg109, and His272) residues, which
are considered to be essential for an ammonia molecule
to retain its nucleophilicity.  In a normal enzyme reaction,
the hydrophobic environment is supposed to prevent
hydration of the highly electronegative florine atom of
the substrate and contribute to fluorine recognition by the
enzyme.  Basic residues probably play a role in
counterbalancing the electronegativity of the substrate.
  Scheme 1
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